Introduction. Patients with hip fracture are usually older patients. Uncontrolled acute pain and surgical stress in elderly patients may cause increased cardiac morbidity and mortality. Epidural analgesia blocks sympathetic nervous system and reduces the incidence of myocardial ischemia and dysrhythmias as well as the response to stress. Methods. Sixty patients with hip fracture older than 65 years with previously defined high peroperative cardiac risk according to ACC/AHA guidelines were included and were randomly assigned to two groups of 30 patients: SA group-patients with systemic analgesia. niflam 2 x 100 mg/iv and tramadol 1 mg/kg/iv every 8 hours; and EDC group-patients with a continuous epidural analgesia with bupivacaine 0.125%-5 ml/h and fentanyl 3 μg/ml. As end points of the study the incidence of cardiac events in both groups were registered: cardiac death, myocardial infarction, congestive heart failure, unstable angina and new-onset atrial fibrillation. Laboratory parameters and pain intensity were determined in all patients by using Verbal Descriptive Scale. Side effects were also monitored. Results. The epidural analgesia decreased the incidence of peroperative cardiac events in patients with high peroperative cardiac risk for hip fracture surgery (46.6% in SA group vs. 15% in EDC group) and at the same time decreased cardiac mortality (10% in SA group vs. 0% in EDC group). The values of VDS were significantly lower in patients with EDC block versus patients with systemic analgesia in all experimental times and there was a smaller number of side effects. Conclusion. Early administration of continuous epidural analgesia in patients with high peroperative risk with hip fracture decreases the incidence of cardiac morbidity and mortality and provides superior pre-and post-operative analgesia compared to systemic analgesia with minimal side effects.
Introduction
Hip fractures occur most commonly in elderly individuals as a result of minimal trauma and vertical falls [1] . People of these age groups often suffer from chronic illness and they usually use a larger number of medications [2] . After gaining a hip fracture as a result of fall of these patients, complications such as acute respiratory infections often emerge [3] [4] [5] . In the early 1970s [4] , the reported causes of in-hospital death were bronchopneumonia (25-49%), pulmonary embolism (12-19%) , and cardiac events (12-16%) . Later studies [5, 6] reported a decline in death from bronchopneumonia, with cardiac events as the principal cause of death (35-63%) in an unselected group of patients presenting with fractured femur. However, a large prevalence of morbidity and mortality in elderly is expected, because this population which in huge number suffer from coronary artery disease (CAD) is rapidly growing and hence the number of necessary surgical interventions [7] . Hip fractures cause a significant pain in the preoperative and postoperative period, which increases in an attempt to move the injured or operated leg [8] . Trauma and pain induce "a complex response to stress", which is characterized by hormonal and inflammatory changes that lead to immunosuppression [9, 10] . Effective analgesia in patients greatly modifies the pathophysiological response to stress, prevent or reduce postoperative complications and improves patient recovery [11] [12] [13] . Epidural anesthesia is a central neuraxial block with huge applicative value. As a continuous technique, it is used as an effective method for postoperative pain relief. Epidural anesthesia can be used as sole anesthetic for procedures involving the lower limbs, pelvis, perineum and lower abdomen [14, 15] . Treatment of postoperative pain with epidural application of local anesthetic and opioids in patients with hip fracture is essential because continuous epidural analgesia provides sympatholysis and relieve pain [16, 17] , and thus reduces the incidence of myocardial ischemia, disrhythmias and cardiac failure compared to systemic opioids administration [18] [19] [20] [21] . The aim of this study was to compare the influence of continuous epidural versus systemic analgesia on the incidence of cardiac complications during the perope-rative period in elderly patients with high cardiac risk with hip fracture. 
Material and methods

This
Functional capacity
Estimated energy requirement for various activities is shown in Table 1 . 1 MET: self-care; eating, Dressing, or using the toilet; walking indoors and around the house; walking one to two blocks on level ground at 2 to 3 mph. 4 METs: light housework (e.g. dusting, washing dishes); climbing a flight of stairs or walking up a hill; walking on level ground at 4 mph; running a short distance; heavy housework (e.g. scrubbing floors, moving heavy furniture); moderate recreational activities (e.g. golf, dancing, doubles tennis, throwing a baseball or football).
10 METs: strenuous sports (e.g. swimming, singles tennis, football, Basketball, skiing). MET = metabolic equivalent; mph = miles per hour. Functional capacity has been shown as a level of metabolic equivalent which is a measure for heart metabolic demand during different daily activates. A person who cannot reach 4 МЕТs has higher peroperative cardiac risk.
Surgery-Specific Issues
This study included elderly patients for fixation of hip fracture which is an urgent surgery intervention and that is why this surgery is classified as a high-risk surgery with risk higher than 5%. Patients with major and intermediate predictors and MET=1 were clustered in a group with a high peroperative cardiac risk. In patients randomized to epidural analgesia, an epidural catheter was inserted in the lateral decubitus position into the lumbar epidural space at the L2-L3 or L3-L4 interspace by loss of a resistance method. A 3-ml test dose of 0.5% bupivacaine was then administered. This intervention was performed in the recovery room, and after the ending of the procedure the patients were transferred to a traumatology ward. Pre-and postoperatively, pain relief was provided with bupivacaine 0.125% -5 ml/h and fentanyl 3 μg/ml. Epidural bupivacaine (0.125%, 5 ml) was administered when pain relief was inadequate (visual descriptive scale score >1). In patients with systemic analgesia, 100 mg niflam was administered when VDS>1 (moderate pain) and if the pain still persisted in the next 30 min. and 50 mg tramadol. On admission to the traumatology ward, a detailed history was obtained, a physical examination was performed, and all cardiovascular medications were recorded. 1. Before the patients were pain relief, biochemical and hematologic analyses were performed in the laboratory of the Surgical Clinic. 2. The degree of analgesia was monitored preoperatively 1h and 12h after the administration of the analgesic agent and 24h and 48h postoperatively in patients from both groups and was assessed by using the Verbal Descriptive Scale (0-without pain, 1-moderate, 2-moderate to severe, 3-severe, and 4-unbearable pain). The degree of analgesia was assessed at rest and during passive flexion of the hip. 3. Consecutive side effects (hypotension, nausea, vomiting, sedation, dizziness, hematoma, itching, urine retention, catheter impassibility, ileus, and signs of local anesthetic toxicity) were noted, too. The patients took their cardiac medications until the surgery. In both groups preoperatively administered fluids were registered. The surgery was performed up to 72 hours after the admission of the patients. Two hours before surgery patients were sedated with 5 mg diazepam. The surgery in patients from SA group was performed in spinal anesthesia with 2.5 to 3 ml 0.5% bupivacaine in L2-L3 or L3-L4-intervertebral space, while in patients from EDC group in epidural anesthesia by adding intermittently 5 ml 0.5% bupivacaine and fentanyl. The surgical anesthesia was considered effective when T10 dermatome was anesthetized. A total of 13-15 ml bupivacaine 0.5% and fentanyl 0.05-0.1 mg was used. ECG, heart rate, peripheral oxygen saturation, non-invasive pressure and urine production were peroperatively routinely monitored. After surgery, patients were transported into the recovery room for 3 hours. Once the patients were pain-released, they were transported to the traumatology ward. Patients from both groups received еnoxaparin 40 mg/sc once a day and were interviewed daily.
Study End-Points
The primary end-point of the study combined cardiac death, myocardial infarction, unstable angina, congestive heart failure (CHF), and new-onset atrial fibrillation in the post-operative period. Diagnosis of myocardial infarction required an elevation of the CK-MB isoenzyme or troponin-T concentration above the hospital laboratory's myocardial infarction threshold and either new Q waves (duration ≥0.03 s) or persistent changes (4 days) in ST-T segment. Unstable angina was defined as a severe precordial chest pain that lasted 30 min or more and was unresponsive to standard therapeutic maneuvers, associated with ST-segment or T-wave changes without the development of Q waves or cardiac enzyme abnormalities. CHF was defined by clinical (shortness of breath, rales, jugular venous distention, peripheral edema, third heart sound) and radiologic (cardiomegaly, interstitial edema, alveolar edema) signs that required a change in medication involving at least treatment with diuretic drugs. New atrial fibrillation required 12-lead electrocardiographic confirmation. Cardiac death was defined as death due to myocardial infarct, CHF, or arrhythmia.
Statistical analyses
Into series with numeric values and homogeneous distribution, the descriptive parameters were assessed, i.e. measures of central tendency (average, standard deviation, minimum and maximum values of the analyzed parameters). Into series with attribute marks, the structural percentages were calculated (relations, proportions). For determination of significant differences, the independent sample tests were utilized, depending on data distribution (Chi-square test, Yates corrected Chisquare test, Fisher's exact test, Kolmogorov-Smirnov test, t-test for independent samples, Mann-Whitney U test and the difference between two proportions). Statistically significant were values of p <0.05, and highly significant values of p <0.01.
Results
Basic demographic characteristics of patients are shown in Table 2 . Female respondents dominated in both groups, but distribution difference between both analyzed groups showed no statistically significant difference. There were no significant differences in the distribution of all other demographic characteristics between patients in both groups. Both analyzed groups were homogenous considering all demographic characteristics except for the surgery duration. Pain relief by continuous epidural analgesia is connected with shorter duration of surgery vs. systemic analgesia because patients from EDC group were operated under epidural anesthesia which had already been performed, while patients from SA group were anesthetized with spinal anesthesia which was performed in the operating theater. Table 3 shows results from biochemical and hematologic tests, which yield no statistical significant differences among the respondents from both groups. Figure 1 and Figure 2 present results of analgesia according to the Verbal Descriptive Scale at rest and during passive hip flexion. The distribution of side effects is shown in Figure 3 . Side effects were mostly observed in respondents from SA group-26 (86.67%). In this group, most frequently noted side effect was nausea, in 9 (30%) and dizziness also in 9 (30%) of the respondents, and sedation in 8 (26%) of the respondents. In EDC group only dizziness in was registered 2(6.6%) and itching in 4(13%) patients. Table 4 illustrates cardiac complications, their comparison between the groups and their statistical analyses. 
Discussion
The major finding of this study was that the incidence of cardiac complications in the post-operative period in high-risk patients with fractured hip was higher in patients randomized to receive conventional systemic analgesia than in those randomized to receive epidural analgesia. The combined incidence of these cardiac events was 31.6% (19 from 60 patients) in both groups, and 14 patients with cardiac complications were from epidural group versus 5 patients with cardiac complications from group with systemic analgesia. Our study extends preliminary work of Matot et al. [18] who also madee a comparison of the analgesic effect of systemic versus continuous epidural analgesia in patients with hip fracture, and came to the conclusion that the incidence of cardiac complications was higher in patients with systemic versus continuous epidural analgesia (11 from 34 patients in systemic analgesia group versus 2 from 34 patients in group with continuous epidural analgesia). Peroperative cardiac risk in this study was determined by using cardiac predictors according to ACC/AHA cri-teria [7] . Matot et al. [18] also conducted their study on the selected group of patients with high cardiac risk, where respondents had either known CAD (as indicated by previous myocardial infarction, typical angina, atypical angina with positive stress test results, or angiographic or scintigraphic evidence of CAD), or were at high risk for CAD (patients had at least two of the following cardiac risk factors: age ≥65, hypertension, current smoking and diabetes mellitus).
From the other side, Scheinin et al. [9] demonstrated that peroperative analgesic management with continuous epidural analgesia, started preoperatively, reduced the development of myocardial ischemia in elderly patients with hip fractures. In contrast to our study, however, an unselected group of patients was included in that study and the study end-point did not include clinically relevant adverse cardiac events, such as CHF or unstable angina and dysrhythmias. Auerbach et al. [17] evaluated peroperative cardiac morbidity and mortality in patients with previously determined high cardiac risk for non-cardiac surgery, with systemic versus continuous epidural analgesia. They concluded that the respondents with continuous epidural anesthesia and postoperative epidural analgesia had low cardiac morbidity and mortality vs. respondents with general anesthesia and systemic postoperative analgesia. The results from these previous studies [18, 9, 17] may not be relevant to our study, because the surgery in the previous studies was planned and there was enough time for cardiologic preparing of the patients and establishment of diagnosis, since hip fracture surgery is an emergency surgery performed up to 72h after the admission of the patients. Emergency surgery has been reported to correlate independently with development of lifethreatening or fatal cardiac complications, according to ACC/AHA guidelines [7] . Moreover, approximately half of the patients presenting with a hip fracture are older than 80 years [1] , have a history of cardiovascular disease, and have ASA physical status III-V. These elderly patients might therefore have an especially poor tolerance for the complications that are likely to occur during the stressful period of an emergency hospitalization [13] . Juelsgaard et al. [21] conducted a prospective study of cardiac mortality in patients with hip fracture, who had CAD. Two patients (5%) who suffered from cardiac failure and myocardial infarct died. Enrollment of patients in that study, however, started only upon induction of anesthesia, and therefore, data regarding the stressful preoperative period were missing. In our study, 31.6% of the patients had adverse cardiac outcomes during their in-hospital stay, and 5% from these patients died. It is expected that morbidity and mortality will increase because of the rapid aging of the surgical population and greater prevalence of more advanced CAD [7] . In our study, incidence of mortality as a result of cardiac complications was 5%. This event rate is consistent with earlier studies that reported in-hospital mortality rates ranging from 1.4% to 12% in unselected groups of patients with hip fractures (2-6). In the early 1970s, Riske et al. [4) ] as most frequent causes of in-hospital death reported bronchopneumonia (25-49%), pulmonary embolism (12-19%) , and cardiac events (12-16%). Roche et al. [5) ] in their prospective cohort study, conducted in a nonselective group of patients with hip fracture, as main reasons for in-hospital death reported: bronchopneumonia (46%), cardiac events (23%) and pulmonary embolism (14%). These authors noted that death from cardiac origin occurred early after fracture, reaching peak at 2 days after injury. Muhm et al. [6] in their study from 2013 reported a decline in death from bronchopneumonia, with cardiac events as the principal cause of death (35-63%) in an unselected group of patients presenting with fractured femur. Our results in the highrisk patients are therefore consistent with these observations in an unselected group of patients presenting with hip fracture.
The results of the analysis of postoperative morbidity outcomes must be interpreted cautiously. Although the data for the entire peroperative period show that the incidence of peroperative adverse cardiac events was significantly higher in the group with systemic analgesia compared to the epidural group, we did not control for intraoperative blood loss and the volume of fluid administered. In our study epidural catheter was placed early in the preoperative period. The mechanism by which early institution of epidural analgesia reduced cardiac complications is unclear. Although there is little evidence that the stress response results in morbidity, several potentially detrimental physiologic effects are modulated through the stress response. Previous studies [17] [18] [19] reported that stress may enhance peroperative hypercoagulable state and the release of cytokines and neuroendocrine hormones, which may dispose to vascular thrombosis and cardiac morbidity through reductions in myocardial oxygen supply or increases in demand. The administration of epidural local anesthetic and opioids in the postoperative period to high-risk patients has been shown to suppress the stress response to surgery and to reduce the incidence of myocardial morbidity when compared to systemic opioids [20] .
Yaeger et al. [20] observed the effect of epidural anesthesia and analgesia vs. general anesthesia and systemic analgesia in high-risk surgical patients and they recorded that patients with epidural anesthesia and analgesia had lower rate of postoperative complications, lower rate of cardiac complications and postoperative infections. In this group of patients, also, was noted a lower level of cortisol eliminated with the urine versus group of patients with systemic analgesia. Epidural administration of local anesthetics and/or opioids is an accepted technique to provide anesthesia and postoperative analgesia in patients undergoing lower extremity orthopedic surgery. Since these patients are at high risk for thromboembolic events, they frequently receive an anticoagulant agent postoperatively [18] . The decision to implement low-molecular-weight heparin thrombophylaxis in the presence of an epidural catheter must be made with care since it may increase the risk of spinal hematoma [15] . For any low-molecularweight heparin prophylaxis regimen, one of the most significant risk factors for the development of spinal hematoma is the timing of catheter removal. In our institution, therefore, the current guidelines are [7] that the epidural catheter should be removed not less than 12 h after the last dosing of enoxaparin. In this research, the results of the level of analgesia have indicated that the continuous epidural analgesia is highly superior versus systemic analgesia in elderly with hip fracture, at all time intervals at rest, and passive hip flexion. Arnizon et al. [13] emphasize the need for pain relief to patients, because uncontrolled pain can lead to negative consequences such as the occurrence of cardiac complications in patients with high peroperative cardiac risk. Superiority of continuous epidural analgesia versus systemic analgesia in elderly with hip fracture has also been proven in studies of Morrison et al. [8] , Guryel et al. [10] and Matot et al. [18] . Low et al. [15] and Block et al. [16] who investigated the epidural technique as a choice of anesthetic technique and postoperative analgesia in comparison with systemic analgesia, followed the side effects at the same time.
They did not noticed a single case with systemic toxic effect of the local anesthetic. Most often registered side effects were hypotension, itching and urine retention. In accordance with these results, in our study, the side effects were highly significantly more common in respondents from systemic analgesia group. Respondents with epidural analgesia in rare cases felt dizziness and itching. In our study, epidural catheter was placed in the early period after patient's admission at the traumatology ward and decision for surgical treatment. The period from catheter placement until the surgery was 12-72 hours. In most studies, patients waited on average 1.6-3.5 days between admission and surgery [2, 6, 18] . Results of studies of the optimal timing of surgery are contradictory. While few studies, Shiga et al. [2] , reported an increased 30-days and 1-year mortality if patients had surgery within 48 h, others, like Muhm et al. [6] and Matot et al. [18] demonstrated a clear advantage in the operating early. Nevertheless, the current recommendation is that the patients' age and their comorbidities are the greatest risk factors which influence the short-term and long-term outcome. Current recommendations are that it should be given enough time for studying and preparing patients with comorbidities [10, 11] . For these patients, epidural analgesia may prove to be most helpful. Our random election program did not fully succeed in creating two comparable groups, because in both groups there were significantly higher proportion of women than men and this is one additional limitation of our study. Gender difference is interpreted with the knowledge that hip fractures are more common in women due to frequent osteoporosis, which is the main risk factor for these fractures, as defined in the study by Parker and Johansen [1] . This gender difference should not interfere with the results, because the requests for analgesia are not gender dependant [1] . The present study shows that the overall incidence of preoperative adverse cardiac events was higher in systemic analgesia group of patients and that it can be reduced with early administration of an epidural analgesia. Despite the statistical significance of these findings, we believe that care should be taken in interpreting the difference in morbidity and mortality between the two groups. This is particularly important because the number of the observed complications was few and the study groups were relatively small.
Conclusion
Early administration of continuous epidural analgesia in patients with high peroperative cardiac risk with hip fracture decreases the incidence of cardiac complications and cardiac mortality and provides superior preoperative and postoperative analgesia versus systemic analgesia, with a small number of unwanted side effects.
